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1. D-葡萄糖的 C-1、C-3、C-6 可通过不同路径裂解生成甲醛。其中 有利的
一条路径是，D-葡萄糖首先异构成果糖，然后再经由周环 Grob 碎片化生成甲醛。
据此，我们认为甲醛主要来源于 D-葡萄糖的 C-6，其次是 C-1，与 13C 同位素标
记实验相符。 
2. 乙醛可以来自 D-葡萄糖的 C-1 和 C-2，也可来自 C-5 和 C-6。计算表明，
乙醛 主要来源是 C-5 和 C-6，亦与 13C 同位素标记实验相符。 
3. 丙烯醛生成的 有利的反应路径为，D-葡萄糖首先异构成果糖，然后再
进行经由环形周环 Grob 碎片化，及电环化脱水。该过程的基元反应 高能垒为
52.8 kcal/mol，在实验值的范围内（55.6 ± 5.5 kcal/mol）。根据理论计算，丙烯
醛主要源自 D-葡萄糖上 C-4, C-5 和 C-6，亦与 13C 同位素标记实验相符。 
4. 由 D-葡萄糖生成巴豆醛和异丁烯醛的过程较为复杂。研究表明，生成 C4

















Renewable biomass energy has attracted more and more attention during these 
years due to the diminishing of fossil fuels. Carbohydrate pyrolysis is of central 
importance in the use of biomass. This process is also intensively involved in biology, 
food industry and tobacco industry. D-glucose is an important carbohydrate in biology. 
Cells use it as a source of energy and a metabolic intermediate. D-glucose is also 
frequently added in food cooking and tobacco manufacturing. Many study reported 
that formations of simple aldehydes, such as formaldehyde, acetaldehyde and acrolein, 
are correlated to D-glucose pyrolysis. Simple aldehydes are not only widely used 
industrial chemicals, but also classified as carcinogens. Hence understanding of the 
chemistry of D-glucose pyrolysis is vitally important. Yet despite this importance, 
much of the detailed mechanism of carbohydrate pyrolysis remains poorly understood. 
Here we present a systemic theoretical study on the pyrolysis mechanisms from 
D-glucose to simple aldehydes by using the newly developed XYG3 functional： 
1. Formaldehyde can be generated from different pathways as well as different C 
sites. Our calculations show that the most feasible reaction pathway starts from an 
isomerization from D-glucose to D-fructose, which then undergoes a cyclic Grob 
fragmentation to yield formaldehyde from C-6.  As for formaldehyde coming from 
C-1 and C-3, the calculated barriers are relatively high. This can nicely explain why, 
in the 13C isotopic labeling experiments, formaldehyde was mainly generated from 
C-6. 
2. Acetaldehyde can be formed either from C-1 and C-2, or from C-5 and C-6 of 
D-glucose. Our calculations suggest that acetaldehyde derived from C-5 and C-6 
requires a lower activation barrier than that from C-1 and C-2, being consistent with 















3. The most feasible reaction pathway to yield acrolein from D-glucose starts 
from an isomerization from D-glucose to D-fructose, which then undergoes a cyclic 
Grob fragmentation, followed by a concerted electrocyclic dehydration. The 
corresponding activation barrier is calculated to be 52.8 kcal/mol, while the known 
experimental value is 55.6 ± 5.5 kcal/mol. We suggest that acrolein be mainly derived 
from C-4, C-5 and C-6, which is also in accordance with the experimental results 
based on the 13C isotopic labeling. 
4. The processes of the pyrolysis of D-glucose to crotonaldehyde and 
methacrolein are more complicated. Our calculations demonstrate that the formation 
of C4 carbonyl compounds involves multi steps of hydride migration, dehydration and 
decarboxylation, sharing a common five-member ring intermediate. 




























减少 80-100%的温室气体排放。欧盟委员会也在 2008 年提出了欧盟能源气候一
揽子计划，大力推动清洁能源的使用。根据计划，到 2020 年将可再生能源占总





是由可燃质、无机物和水分组成，主要含有 C、H、O 及少量的 N、S 等元素，
并含有灰分和水分[1-2]。按照生物学的分类，生物质主要由纤维素（40-80%）、半
纤维素（15-30%）和木质素（10-25%）构成，如图 1.1 所示[1-3]。其中，纤维素





















图 1.1  生物质的组成[1] 


















































































图1.2  烟支燃烧示意图[24] 
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